Hypertension is not consistently associated with postoperative cardiovascular morbidity and is therefore not considered a major peri-operative risk factor. However, hypertension may predispose to peri-operative haemodynamic changes known to be associated with peri-operative morbidity and mortality, such as intra-operative hypotension and tachycardia. The objective of this study was to determine whether pre-operative hypertension was independently associated with haemodynamic changes known to be associated with adverse peri-operative outcomes. We performed a five-day multicentre, prospective, observational cohort study which included all adult inpatients undergoing elective, non-cardiac, non-obstetric surgery. We recruited 343 patients of whom 164 (47.8%) were hypertensive. An intra-operative mean arterial pressure of < 55 mmHg occurred in 59 (18.2%) patients, of which 25 (42.4%) were hypertensive. Intra-operative tachycardia (heart rate> 100 beats.min À1 ) occurred in 126 (38.9%) patients, of whom 61 (48.4%) were hypertensive. Multivariable logistic regression did not show an independent association between the stage of hypertension and either clinically significant hypotension or tachycardia, when controlled for ASA physical status, functional status, major surgery, duration of surgery or blood transfusion. There was no association between pre-operative hypertension and peri-operative haemodynamic changes known to be associated with major morbidity and mortality. These data, therefore,
Introduction
Hypertension is a common global health problem with an estimated prevalence of 30% [1] and is a preventable cause of morbidity and mortality [2] . The current Joint Guidelines of the Association of Anaesthetists of Great Britain and Ireland (AAGBI) and the British Hypertension Society recommend proceeding with elective surgery if a patient's blood pressure (BP) is < 180/110 mmHg [3] , although the evidence for this recommendation remains limited [4] [5] [6] .
Hypertension alone is not considered a major peri-operative risk factor, because it is not consistently associated with postoperative morbidity [4, [6] [7] [8] [9] . However, the complications associated with hypertension are known to increase peri-operative risk, and these include coronary artery disease, congestive cardiac failure, renal failure, cerebrovascular disease and diabetes mellitus [10, 11] . Patients with known cardiovascular disease, or established risk factors for cardiovascular disease, have a 6-7% risk of a major adverse cardiac event (MACE) within 30 days of surgery [12] [13] [14] .
Pre-operative hypertension may predispose to intraoperative haemodynamic instability known to be associated with adverse peri-operative outcomes [3, 15, 16] , although current evidence supporting this is limited. Peri-operative haemodynamic changes that have been associated with major adverse outcomes in non-cardiac surgical patients include intra-operative hypotension [17, 18] . Walsh et al. defined intra-operative hypotension as mean arterial pressure (MAP) of < 55 mmHg. Mean arterial pressure < 55 mmHg for more than 1 min was independently associated with myocardial injury and acute kidney injury following surgery. Mean arterial pressure < 55 mmHg for more than 20 min was independently associated with increased mortality [18] . Tachycardia has also been associated with myocardial ischaemia and adverse cardiac events [19, 20] . Beattie et al. showed that heart rate (HR) > 100 beats.min
À1
was associated with an adverse outcome [21] .
If pre-operative hypertension independently predisposes to haemodynamic changes known to be associated with adverse outcomes in the peri-operative period, then it is possible that this may be an important risk predictor. It is possible that poor pre-operative control of BP, or a higher hypertensive stage (Table 1 ) may be associated with an increased risk of haemodynamic instability in the peri-operative period [16] .
Previous peri-operative hypertension studies of haemodynamic instability have not adequately controlled for other known risk factors independently associated with MACE [16] , which include ASA physical status [22] , functional status [23] , major surgery [8, 22] , duration of surgery [24] and blood transfusion [25] . We decided to determine whether pre-operative hypertension was independently associated with perioperative haemodynamic instability known to be associated with adverse peri-operative outcomes.
Methods
Study approval was obtained from the University of Cape Town Faculty of Health Sciences Human Research Ethics Committee, the Western Cape Department of Health, as well as institutional approval from all participating centres. All patients provided written informed consent and we followed the STROBE statement [26] . This was a five-day, multicentre, prospective, observational cohort study conducted at seven public sector, government-funded hospitals in the Western Cape of South Africa. Eligible participants included all adult inpatients undergoing elective, noncardiac, non-obstetric surgery. Exclusion criteria were daycase patients; cardiac, obstetric or emergency surgery; paediatric patients; and patients undergoing radiological or local ophthalmology procedures.
Pre-operative and intra-operative data collection was performed by the attending anaesthetist on a BP, blood pressure.
paper case report form. The pre-operative data included: patient baseline characteristics (age, weight, height and sex); ASA physical status; functional status; type of surgery; antihypertensive therapy; any chronic disease; and pre-operative creatinine value (within 30 days of surgery). Pre-operative BP measurements and baseline HR were recorded the day before surgery. The BP measurements were conducted in accordance with recommendations in the Joint Guidelines from the AAGBI and the British Hypertension Society [3] . Three BP measurements were taken and recorded the day before surgery for the accurate diagnosis of pre-existing or undiagnosed hypertension [27] . In addition, we analysed whether the pre-operative electrocardiogram (ECG), performed within six months of surgery, demonstrated left ventricular hypertrophy or an irregular rhythm. During the intra-operative period, the data recorded included: pre-induction BP and HR; the duration of observed hypotension (MAP < 55 mmHg) and tachycardia (HR > 100 beats.min À1 ); type of anaesthesia; minor, intermediate or major surgery [28] ; duration of surgery; intra-operative fluid administration (type and volume); and intra-operative vasopressor requirements. The primary aim of the study was to determine whether the stage of pre-operative hypertension was independently associated with intra-operative MAP < 55 mmHg for more than 1 min. The secondary aims were to determine whether the stage of pre-operative hypertension was independently associated with MAP < 55 mmHg for > 20 min and/or HR > 100 beats.min
À1
. A priori, we planned to include the pre-operative hypertension stage and the following five peri-operative risk factors known to be independently associated with MACE: functional status; ASA physical status ≥ 3; major surgery; duration of surgery; and the need for blood transfusion, in the multivariable model. Based on the need for six risk predictors to be included in a multivariable model, we required approximately 60 primary outcome events in order to ensure that we had 10 events per variable [29] . Based on previous work in our surgical population, we estimated that we would require a sample size of approximately 500 participants, as we anticipated that approximately 150 (30%) patients [27] would be hypertensive and that 44% of these would experience intra-operative hypotension [18] . Based on our expected elective surgical volume at the participating hospitals, we believed that we could recruit this number of participants in five days.
Categorical variables were compared using Fisher's exact or Pearson's Chi-square tests as, appropriate. Mean arterial pressure < 55 mmHg and HR > 100 beats.min À1 were risk-adjusted for ASA physical status [22] , functional status [23] , duration of surgery [24] , blood transfusion [25] and major surgery [8, 22] . Heart rate > 100 beats.min À1 was also risk-adjusted for b-adrenergic antagonist therapy. Multivariable logistic regression was performed for the primary and secondary objectives using SPSS version 21 (SPSS Inc., Chicago, IL, USA) software.
Results
Study flow is shown in Fig. 1 . Three hundred and twenty-four patients were included in the multivariable analysis. Pre-induction BP > 140/90 mmHg occurred in 81 (23.6%) patients. All undiagnosed hypertensive patients had pre-induction BP > 140/90 mmHg and none of the normotensive participants had pre-induction hypertension. There was a significant increase in BP and HR before induction when compared with the ward recordings on the day before surgery (Fig. 2) .
The primary outcome, MAP < 55 mmHg for > 1 min intra-operatively, occurred in 59 (18.2%) patients. Twenty-five (42.4%) were hypertensive, and this constituted 16% of the hypertensive cohort. Mean arterial pressure < 55 mmHg for > 20 min intra-operatively, occurred in four (1.2%) patients, none of whom were known hypertensives. Intra-operative HR > 100 beats.min À1 occurred in 126 (38.9%) patients, of which 61 (48.4%) were hypertensive. This constituted 39.1% of the hypertensive cohort. None of the patients with stage-3 hypertension developed clinically-significant intra-operative hypotension so we collapsed hypertensive stages 2 and 3 into a single variable for the purposes of logistic regression. After risk adjustment for MAP < 55 mmHg and HR > 100 beats. min À1 with ASA physical status, functional status, major surgery, hypertensive stages, blood transfusion and duration of surgery (and b-adrenergic antagonist therapy for HR), pre-existing hypertension was not independently associated with clinically-important intra-operative hypotension or tachycardia. The associations with the primary and secondary outcomes are shown in Tables 3 and 4 , respectively. None of the predictors were independently associated with the primary or secondary outcomes. Hypertensive patients received more intraoperative vasopressors (p = 0.04) and total fluid therapy (p = 0.04) compared with normotensive patients. Blood was administered to eight (2.3%) patients.
Discussion
Hypertension is common among elective surgical patients, with a prevalence of 47.8% in our patient population, which is higher than the estimated 30% globally. Hypertension was associated with higher ASA physical status, age, obesity and decreased functional status, all of which increase the risk for cardiovascular disease and adverse peri-operative outcomes. However, we failed to find an association between pre-existing hypertension and clinically-important haemodynamic instability in the peri-operative period.
Intra-operative hypotension is common, with 18.2% of elective surgical patients developing MAP < 55 mmHg for at least one minute, and 1.2% for more than 20 min. However, our data failed to show a significant association between any of the known perioperative cardiovascular risk predictors and intraoperative hypotension. In addition, pre-operative hypertension was not independently associated with intra-operative tachycardia. Our results suggest that pre-operative hypertension is not an independent predictor of haemodynamic instability and support the recommendation of the Joint Guidelines from the AAGBI and the British Hypertension Society, that if a patient's BP < 180/110 mmHg it is safe to proceed with elective surgery.
No patients with stage-3 hypertension developed clinically-significant intra-operative hypotension, so we cannot provide data on the risk for haemodynamic instability in this sub-group, but we advocate caution. A pre-induction systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg should prompt referral of the patient to an appropriate primary healthcare facility for further screening and management following surgery.
One strength of this study is that it was adequately powered to determine the association between preexisting hypertension and other known independent predictors of MACE, as well as clinically-important intra-operative hypertension. We believe our findings provide evidence to support the recommendation to proceed with surgery when pre-operative BP < 180/ 110 mmHg. Our study has some limitations. Firstly, due to the limited number of episodes when MAP < 55 mmHg for > 20 min, and the limited number of patients with stage-3 hypertension, we are unable to explore this relationship with pre-existing hypertension. Further work is necessary to address this. Secondly, because our data collection was not electronically captured, we cannot exclude observer bias, however, data collectors were unaware of the objectives of the study. Finally, although this study was conducted in a middle-income country, we believe that the findings are generalisable to highincome countries, but recommend external validation of these data. Intra-operative hypotension is common and is associated with major morbidity and mortality. However, the determinants of intra-operative hypotension remain unclear. Further work is necessary to determine independent risk predictors for clinicallyimportant intra-operative hypotension. Furthermore, it is important to establish whether treating intra-operative hypotension will improve postoperative outcomes.
In conclusion, hypertension is common among elective, non-cardiac, non-obstetric patients. Preexisting hypertension up to stage 2 is not independently associated with intra-operative hypotension or tachycardia known to be associated with adverse perioperative outcomes. Therefore, we believe that the (7) 30 (7) 27 (7 Joint Guidelines from the AAGBI and the British Hypertension Society, which recommend proceeding with elective surgery if blood pressure is < 180/ 110 mmHg, are appropriate. We would advise caution in patients with stage-3 hypertension, as our study was too small to determine whether there was an association between stage-3 hypertension and clinicallyimportant intra-operative haemodynamic changes. It would appear that hypertension is a public health issue rather than a peri-operative problem [9] . Figure 2 Ward versus pre-induction blood pressure and heart rate measurements bpm: beats per minute, MAP: mean arterial pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, p<0.01, p= 0.022, ward blood pressure, pre-induction blood pressure.
